Reaction of diketene with N-substituted hydrazones of aldehydes and sterically crowded ketones leads to the corresponding N-acetoacetylhydrazones. With hydrazones of other ketones, this reaction yields cyclic isomers of N-acetoacetylhydrazones, namely, 2,5,5-trisubstituted 4-acetylpyrazolidin-3-ones. The products where characterized by 1 H and 13 C NMR and electron ionization (EI) mass spectrometry. The EI mass spectra of the latter compounds and those of linear N-acetoacetylhydrazones show that in the gas phase their molecular ions attain predominantly similar forms as the respective neutral compounds in solutions. The mass-spectrometric fragmentation of both forms is characterized by retrosynthetic cleavages with the loss of neutral acetylketene. The imines produced from 2,5,5-trisubstituted 4-acetyl-3-pyrazoli-dinones and primary amines predominantly exist in solutions in the enamine form. The EI mass spectra of these condensation products show that in the gas phase their molecular ions exist as pyrazolidinones. Characteristic fragmentation paths under the EI conditions include the pyrazolidine ring cleavages at the N1-C5 and C3-C4 bonds, with the positive charge mainly localized in the enamine moiety. There is no evidence for ring-chain isomerism of the compounds studied.
Introduction

Scheme 1
With N-alkyl-and N-arylhydrazones 2c-u, the 1:1 condensation products were readily obtained in satisfactory yields (Scheme 2) in all cases except methylhydrazones of acetaldehyde and acetone. Diketene reacted with these two hydrazones to form complex mixtures, from which individual components could not be isolated or identified.
Scheme 2
Reactions of diketene 1 with hydrazones of aldehydes 2c-i and sterically crowded ketones (pinacolone and benzophenone) 2j-l gave the corresponding N-substituted Nacetoacetylhydrazones 4c-i and 4j-l, respectively. According to the 1 H and 13 C NMR spectra (Tables 2 and S1 -S3, see Supporting Information section), the structural features of these compounds are characteristic of acetoacetic acid amides. 6 There are two sets of signals in the spectra of 4 in DMSO-d 6 and CDCl 3 . One of these sets includes a proton signal from a hydrogen-bonded enolic hydroxyl group (form B). The aldehyde derivatives were found to contain up to 11% of the enol form B. The fraction of this form increases to 30% for the ketone derivatives. The interaction of diketene 1 with N-alkyl-and N-arylhydrazones of less-crowded ketones gives the corresponding 2,5,5-trisubstituted 4-acetylpyrazolidine-3-ones 5m-u (Scheme 2). According to their 1 H and 13 C NMR spectra (Tables 3, 4 and S4, S5, respectively), these compounds contain a set of four cyclic tautomers including two diastereoisomers C and C′ and two enol forms D and D′. The form C dominates and form D′ is only manifested in polar solvents, evidently as a result of stabilization due to solvation effects. For compounds 5s and 5t in DMSO-d 6 , D′ prevails over D due to the solvent′s ability to form intermolecular hydrogen bonds that destabilizes the formation of D. 6 solution did not affect the OH signal at 12.35 ppm, confirming its involvement in an IMHB. According to the NMR spectra, increasing the solution temperature to 50°C leads to a relative increase in the content of forms C′ and D over that of form C. At the same time the fraction of D′ decreases, probably because the stabilizing solvation effect becomes weaker. It should be noted that the NH and CH 3 signals of the form C in compound 5s (R 2 = R 3 = Ph) are resolved into two closely spaced singlets with approximately equal intensities. This phenomenon probably indicates a conformational ring rearrangement. The assignments for each of the "keto" forms C and C′ of 5s are in agreement with the NOESY data. The quantitative information obtained from the nuclear Overhauser effect suggests that the minor set of signals in one of these forms (C′) corresponds to the configuration with cisarrangement of the phenyl and acetyl groups, whereas the major set of signals corresponds to the trans-configuration. Information about exchange processes indicates that mutual transformations exist between forms C, C′ and D′. No exchange of form D with the other forms was observed using 1 sec of mixing time. This indicates a sufficiently high barrier of isomerization from C and C′ to D. Note also that it takes several days for the tautomeric equilibria to be established both in hydrazones 4 and in their cyclic isomers 5. At the moment of dissolving the sample, only one tautomeric form was present in each case, namely, A for hydrazones 4 and C (or C′) for the cyclic derivatives 5. 
Scheme 3
In order to expand the synthetic scope of the reaction studied, the action of diketene 1 on oximes 6a-c was subsequently studied. The reaction yielded trans-O-acetoacetyloximes 7a-c (Scheme 3, Tables 5 and S6 ). Compounds 7 exist in solutions in two forms, A and B. In a less polar solvent, the fraction of the enolized form B increases. This behaviour is typical of acetoacetic esters. 5 Since the starting oximes all exist as trans-isomers, additional signals in the NMR spectra of their derivatives 7 were assigned to the enol form B with an IMHB.
The reaction of 5,5-dimethyl-2-isopropyl-4-acetyl-pyrazolidin-3-one (5n) and 2,5-diphenyl-5-methyl-4-acetyl-pyrazolidin-3-one (5s) with amines 8a-h (Scheme 4) produced the corresponding amine derivatives 9a-h in high yields (70-90%). According to the 1 H NMR spectra (Tables 6 and S7 ), compounds 9 exist as enamine tautomers B stabilized by IMHB. This conclusion follows from the following data. There is only one set of signals in each of the 1 H NMR spectra, with the integral intensity corresponding to the number of protons in the molecule. The H (4) signal in the range of 3.2-4.2 ppm is missing, but there is a signal within 9-11 ppm assignable to the amine proton bound by the side-chain nitrogen atom. The NH-proton in B takes part in a hydrogen bond and therefore its signal is considerably shifted downfield. The NMR data on compounds 9 are in complete agreement with the modern concepts about the structure of imines of β-ketoamides to which group these compounds belong. 
Scheme 4
In principle one cannot rule out the possibility of compounds 9 existing (if only partially) as linear hydrazones C. However, no indication of this form has been observed in solutions. In order to find out whether the open-chain isomers of 9 can possibly exist in the gas phase, their mass spectra were also investigated. 
Mass spectrometry
The mass spectrometry of 4-acetylpyrazolidine-3-ones has not yet been systematically studied. An earlier report 7 concluded that the molecular ions of 4-(thio)benzoyl-1-phenylpyrazole-5-one predominantly exist in the hydroxy form (Scheme 5). Scheme 5. Mass-spectrometrical fragmentation of aromatic 1-phenylpyrazolines (Refs. [7, 8] ).
The mass spectra of some typical compounds 4 and 5 are listed in Table 7 . The evenelectron [M − H] + cations in the spectra of 5 are considerably less intensive (<5% rel. int.) than in the previously studied aromatic pyrazolones. 7 All the compounds produce abundant acetyl cations. Noteworthy in the spectra of compounds 4 is the "retrosynthetic" cleavage of the hydrazide C−N bond producing C 4 H 5 O 2 + cations (1-3% of the total ion current, TIC) and the Table 8 ) which subsequently lose either a hydrogen atom or the R 3 substituent. Fragmentation through the N−N bond cleavage is less intensive. The aromatic ring substituents also affect the overall fragmentation. Thus, the nitro group in 4h both destabilizes the M +• ions and decreases the relative contribution of A +• ions (and their daughter ions) to the TIC as compared to other compounds (Table 8) . Peaks of (A − R 3 ) + ions are absent from the spectrum of 4i (R 3 =Ph). Some of the characteristic fragment ions for compounds 5q-u are listed in Table 9 . The base peaks in all these spectra (except 5r) correspond to [M − C 4 + ions. Both fragmentation routes are somewhat unexpected because the phenylhydrazine moiety is lost as a neutral particle, although the PhN 2 CMe + and PhN 2 + ions are known to be quite abundant in the mass spectrum of a closely related compound, 3-methyl-1-phenylpyrazole-5-one. 8 Most importantly, the formation of R 1 R 2 C 3 OH + ions is an irrefutable evidence for the cyclic structure of M +• of compounds 5 (Scheme 6). The clear differences in the mass-spectrometric fragmentation of compounds 4 and 5 under EI show that their molecular ions exist predominantly in the same form (linear acetoacetylhydrazones and pyrazolidinones, respectively) as the corresponding neutral compounds in the condensed phase. In other words, the ring-chain isomerisation does not take place in the gas phase.
The dual course of the diketene reaction with hydrazones, namely, the formation of linear 4 and cyclic 5 products is especially noteworthy, since these compounds are structurally similar to a number of other functionally substituted hydrazones which are capable of ring-chain tautomerism. 9 By analogy, this tautomerism could also be expected to take place in compounds 4 and 5. It stands to reason that promoting proton abstraction from the α-position of the acetoacetyl group (in the linear derivatives 4) or from the nitrogen atom (in the cyclic derivatives 5) could facilitate the ring-chain transition. However, neither prolonged heating of typical representatives of compounds 4 and 5 in pyridine at 70°C, nor their treatment with sodium methylate in alcohol with subsequent neutralization resulted in any isomerisation. Hence, acetoacetylhydrazones, similarly to the closely related cyanoacetylhydrazones, 10 do not exhibit ring-chain tautomerism in solution.
The mass spectra of typical representatives of compounds 9 are listed in Tables 10 and 11 . The even-electron cations [M − H] + are much less abundant (< 5% of relative intensity) than in the spectra of aromatic pyrazolones. 7 All the compounds produce abundant phenyl cations, and the presence of benzyl substituents (in 9d) is manifested by strong C 7 H 7 + peaks. The base peak in the spectrum of the sec-butylamine derivative 9c corresponds to C 2 H 6 N + ions. The massspectrometric fragmentation of compounds 9 (Tables 10 and 11 (6) 191 (7) 190 (53) 148(18) 123(10) 77 (11) 415 (11) (11) 205 (14) 199 (8) 163(19) 159 (11) 118 (8) 117(13) 77(13) 
Calculations
The enthalpies of formation, charge distributions and bond parameters of various M +• isomers were calculated for the N-methylated derivative 9b at the semiempirical level of MO theory (PM3/UHF approximation) using the MOPAC software. (Fig. 1) derived from the corresponding doublebond isomers (Scheme 4) are likely to co-exist in the gas phase regardless of the neutral precursor structure. Their fragmentation leads to the identical MeCN 
Conclusions
The reaction of diketene with N-alkyl-and N-arylhydrazones of ketones is shown to be (with a few exceptions) a universal method for synthesizing 2,5,5-trisubstituted 4-acetylpyrazolidin-3-ones, whereas the reaction with N-alkyl-and N-arylhydrazones of aldehydes leads to openchain N-acetoacetyl-N-alkyl(aryl)hydrazones.
Similarly to the parent compounds (2,5,5-trisubstituted 4-acetylpyrazolidin-3-ones), imines 9 do not appear to form linear isomers either in solution or in the gas phase. Thus, ring-chain tautomerism involving activated C−H bonds still remains elusive.
Experimental Section
General Procedures.
1 H and 13 C NMR spectra were recorded on Bruker DPX 300 spectrometer at a resonance frequency of 300. 4 Si as internal standard, coupling constants (J) are given in Hz. Spectra were recorded at 25°C using solvent CDCl 3 or DMSO-d 6 , solution concentrations were 5-15%. The delay time in the NOESY experiments was 1 s.
The EI mass spectra (ionization energy 70 eV, ion source temperature 160°C, direct insertion) were recorded on a VG ZabSpec instrument (VG Analytical, Manchester, UK). Fragmentation paths were confirmed by metastable ions spectra (B/E and B 2 /E linked scans, decompositions observed in the 1FFR). Elemental compositions of fragment ions were determined at a resolving power of 8000-10000 (at 10% valley definition) by peak matching technique using PFK as a reference compound.
The molecular ion structures for compound 3b were optimized using the PM3 basis, unrestricted Hartree-Fock (UHF) method, and the EF (eigenvector following) routine for geometry optimization included in the MOPAC 6.0 program. 11 Only ground electronic states were considered.
Synthesis. The starting hydrazones 2 were obtained by the known method. 12 Oximes 6 were obtained as commercial products and additionally purified by sublimation at a reduced pressure. Compounds 4i, 5q-u were obtained by methods reported in the literature. 2 The physicochemical properties and elemental analyses of the synthesized compounds are listed in Table 12 . absolute benzene at 0°C, 11 mM of diketene was added with stirring for 15 min in the presence of catalytic amounts of glacial acetic acid. The mixture was allowed to react for 1h, then the solvent was removed under vacuum. The residue was purified on a column packed with silica gel (5-40 µ, eluent: benzene-acetonitrile 5 : 1). Crystalline products were purified by recrystallization from a chloroform-hexane mixture. Yields 40-60%.
Preparation of O-acetoacetyloximes (7a-c).
To a stirred solution of 10 mM of oxime 6 in absolute ether at 0°C, 11 mM of diketene was added with stirring for 15 min. The mixture was allowed to react for 30 min, then the solvent was removed under vacuum. The residue was purified on a column packed with silica gel (5-40 µ, eluent: benzene-acetonitrile 5:1). Yields 50-60%. Compound 7b was purified by vacuum distillation. Preparation of methyl imines of 4-acetyl-2-isopropyl-5-methyl-5-phenylpyrazolidin-3-one (9a) and 4-acetyl-2,5-diphenyl-5-methylpyrazolidin-3-one (9b). Stream of methylamine was bubbled through a stirred solution of the corresponding hydrazone 4e or pyrazolidinone 5s (10 mmol) in absolute benzene. After the reaction was completed (monitored by TLC), the solvent was removed under reduced pressure. The residue was recrystallised from a chloroform-hexane mixture. Yields 85-90%. Preparation of imines of 2,5,5-trisubstituted 4-acetyl-pyrazolidin-3-ones (9c-h). Amine 8 (10 mmol) was added with stirring to a solution of the corresponding pyrazolidinone 5s (10 mmol) in absolute benzene in the presence of catalytic amounts of acetic acid. The solvent was removed under reduced pressure. The residue was recrystallised from a chloroform-hexane mixture. Yields 70-90%.
